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(54) OPTICAL AMPLIFIER FOR WAVELENGTH MULTIPLEXING AND OPTICAL 
COMMUNICATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
amplifier for WDN(wavelength division multiplexing) and 
an optical communication system which secures the 
wavelength flatness of gain even for input light in a wide 
level range and can obtain a noise characteristic of less 
wavelength dependence. 

SOLUTION: The fundamental constitution of the optical 
amplifier for WDN is provided with an optical 
amplification part 1 connected between an input port IN 
and an output port OUT, an input light monitor part 2 
which measures, the power of input light inputted to the 
input port IN, a variable gain equalizer 3 which is 
connected to the optical amplification part 1 and has a 
variable loss wavelength characteristic, and a gain 
equalization control part 4 which controls the loss 
wavelength characteristic of the variable gain equalizer 3 
in accordance with the input light power measured by 
the input light monitor part 2. Thus, the variable gain 
equalizer 3 has the loss wavelength characteristic 

corresponding to the change of the gain wavelength characteristic of the optical amplification 
part 1, and the gain deviation of output light is compensated. 
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fc©K. *#Jg««T?tt, mrg^ittsgBcDEDFA 1 1 
l=»L/TPl*fU»«Yt« (VGEQ) 1 lBMR»t6 
ft, »IS:3£ifiSIg|$©EDFA 1 2, 12' K^LTte, 
*S$iffl&mttM (VGEQ) 12B*»KW6*l*. 
SEfiHWPftSl IB, 1 2B<!:LTH HAtf. *V3tt 
^^fiJfflLfc^©^^^ (AOTF) «it 
S©*«J?aT?*4. £©AOTFtt, W^WSR 

(SAW) S£fc£-frT»*«ft«rtt£3e*.4C:£: 

[0 0 4 3] 0311 #1*3Efi]#«Mb»©ii**ft».tt 
©— XiJ^tn 7 - C DTS L fciTS o T, 

(a) ttws©^f mmwm 1 lBofts, (b) b 

[0 0 4 4] 0 3 tc^T J; -5 fc. #t»TS£*iJ»*fl:» 1 1 

B, 12B©»*SI#ttB, EDFAI lS^EDF 
A 1 2, 12' ©&fiJt#«g#&fcMj£bfc#tt£WL 

rua. -rato-e. 03 (a) © ^i*jfii#*Yb« 1 ib 

©a^&S#tttt, XJiytrtV-tf- 1 6. 6dBm/ 
c httfcSSiW^St^^. 1. 5 5 umftlZ&rtzm®. 
fifiiJ©«IffiJtd^SfS— 5£T?<& 0 , A^. @^gffiiJ©l 5 
4 0 nmttiE£*3W-*Mlffiifc©IB*MB (S£«) 

6dBm/chiAt<&t5t<!:tl;(t 1 5 4 0 nm 

ti-jfiKisw-awiffiJfctftaao d Bt«coT*«*«K:i«i 
km;. ^sc^-rsffliiEJt©^ba (it) icon 

T, 1 5 3 5-1 5 3 9. 8 niriF^ (@&*<B>J) ©«# 
1539. 8-1561 nmffl (ft&*{IJ) ©ffi©4te 

[0 0 4 5] -7J, 0 3 (B) © "I^fiJ#^bg§ 1 2 B 
©«ife«S»tttt. AA*/*7-jS«- 16. 6 d Bm/ 
c hiJt^W/JN^^t^. 1 5 4 0 nm#ifim5ifll 
JEJtfltStfO d B£fcoT***flll::fl**TMlBEJt©lfi 
Sit, \1jytrt t 7—ifi*.&<ts.r>tz. 



i#»C«. 1 5 4 0 nmttiftfCfctt*«Jffiit©l6*Hii;&< 
ATJTfcA?- ^ t tCit^Tg^PAt < &-3 1>© 
©. S«^«©&fi#ttt^S. 
[0 0 4 6] set;. ±f2&nf^?lj#^bS§ 1 1 B, 1 
2 BKttKtt, «»«fc«9»@lfr (VGEQ CON 
T) 1 3#Ktfe>tt& (02) . C©«M#fcMflElM 

i 3«. A^/t7-fcf£;i;T§nr^fij#^bi§i 1 
b, 12 B©a5fe**»tt*MfP-rafc*©«^*4i« 

T5. #l#«ft«M«lB!tt 1 3K:»&ft*A*3fc/t7-«[ 
tt. 3t#7*7l3A. &ltm (PD) 13BRlXA^j^ 
t^BBS (MON) 1 3C\Z£.^T%<btlZ>o 3^*^ 
5 1 3AIJ, XtJ^-h I NtEDFA 1 1 ©RSHdJf A 
3*1, A#3t©-g&£#l&LTg#g§l 3 BKi££. g 

7t§§i 3bh ^#7^ i 3 Kfrz><r>ft®iyt*mm.m^ 

Icg&LTA^^-^lslSSl 3CKi£-5„ Xi3^— 

&m&i 3cii s^tsi 3 b *>«=>©«•«§■ c:j£i;ta?j 

*^7-S*fflK©tt***iJ»«fclH»|g|&l 3\Z%k 
•5. 

[0 0 4 7] *3t*«»©Wa3t»B»R^»it 

3tit*«©«niifctt. m^i^^PSijw^^^T-s^T 

X3fctt£58 (VATT) 14*«»Vt6na. i»T*3fc** 
§§14tt. n«*»6©«^CJ:03t«lft«*aEfl:S-a-* 

4 2©3fc«*«tt. 7tMS«©jratbT©ALCIiISg 
1 4 A^£ffl#£ft3M^»CcfcoTSifli9£ft-5. ALC 
@»14Att, nJ&ftMS&l 4©tB*3fc*3tt*^? 1 
4BT^l§^ (PD) 1 4CTf3fc«36*Uft:*^ 
£. ED FA 1 2 ' ©IHTjJfcSJtt*:/? 1 4DT'»ttL 
(PD) 1 4ET>6«*«L,fcfll^tfc*tJl'» 

t, *yem$i&cD isss»fco©ffl*3t/^7-d*— £©. 

[0 0 4 8] SSK. CH-C»4*3tt»««fc»«*n* 

jit 7 t -r /t€si»*T?* i; *«fi»«s»«-r *>*:©© 

(DCF) 1 5**. ^Jx.«5t^7 , 7l 
4BiEDFA12®raicS^SnT^5. &*5. d© 
»ti«7T-f/X 1 5 tt, ^MRttltO^SttKljSDTR 

w-n««t<. -jRwice. eaaue«*2. 5Gb/sj 

jBASi'Sttt* 0Gb/s?) KjtiMMtf 

[0049] ±s©«fc 3 7S«fig<&*-ri.m i ©ms^M 

©^HiHST«, AA#-HNCA*SftfcWDMi 
)t*77 1 3 A4IILTED F A 1 1 Cl^ 
nstifel:, ^•©-gP*^?J7 p 7 1 3 AX'ttmZtlgi 

ntwn. 3B-cyt*&&t<tixxijyt : e-*iE«6i 3ci; 

[0 0 5 0] EDFAI lTrtt. A*^/t7-l;MfSL 

"T^|iJ#l?{bSl 1 BfCiHetlS. CCDtg. KfiJtn 
7— *»Jttttt/h* <JBiB3tt/X7— 3*«±lfi«[K:abT0»tt 
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<^j§£tc«. agcieiki i Atfmmzmm\sTW&& 

-!ll:0iSn5. — A2J3fc/X , 7-a<*£<&9{& 
e^A9-A^±(gMlcab^:«-&^«. EDFA11CD 

wimmmxrt 9 — s$ow <t & o t*ij#*»- jg tc&fc 
n&<&D. c:<DS-&(ctt. 1. 5 5 ummz&vzm. 
&&M<D%mm'j>mw&&&m \z it < & z . 

[0 0 5 1] A^ft^n^lel&l 3CT-I1 gftgi 1 3 

fttfflH«Sl3Tftt. A*7fe/f7-lcM«^-B-T&nI^ 
sfHj#^tS§ 1 1 B, 1 2 B rt^^*^LT*3^fc« 

-en-en©pi^fij#^ts§ hb, i 2 b \zmts 
z.(D%m%fikffl'mmmi 3A^cifi:ioT. 
#WPJ#^fllgl IB, 12 B©»&j£fi#t£a<A;>J 

[0 0 5 2] Bj^fiJ#«§Kfc!§ l 1 BfCiiienfcEDFA 
1 1 ©ffl^ftte, A*5t/1"7-tC^Lfe}i^jSg4#tt 

*.%<ti^tzh%\Z. EDFA 1 1 WM^S<fflcDfiJ#M 

1 1 BTf)J#^b$tlfcWDM«^^tt. pT*3K*»H§ 
14, 4BStfiMRi«77'f/U 5*I» 



ITEDFA 1 2Kl2t£*l-5. 

[0 0 5 3] EDFA 1 2 tCSI^tlfeWDMm^tt. 
AGC0K1 2 A©^TT-git4i$^lfc^. BISCM 

Yk^fTton^. «5j^*ij#^Hts§ 1 2 BTiyiWftjnfc 

WDMfi^Ttte, EDFA12' tM^tlT. AGCE 
81 2 A(0$!l^T-C— }glSS**l4. uWED F A 1 
2' ©tii^ftfct. **»©flr#3t^7-«««S— K»iL6 

[0 0 5 4] SStC, #3fcii*gf§Ttt. EDFA12* 
»RtfRl*3ti**» 1 4©£B7J7tW-gP 
*», 7^*7*7 1 4DStfl 4 B. §^14EftJJtl4 
C^^-LTALClHlSgl 4AIC7-C — hV\*u/^^n. A 
LClHlgSl 4 A {C*oTbI^M*8§1 4©ftM*«# 

tf-^zmmisnrzvivum^mtM-hiZ- houts 
^ L T^g&K: w # £ n-5 J; 5 . 

[0 0 5 5] -l^LT, ^l©HJS^fii©3tlii|§SCOti 
***«©«l*»»cNFtt3fcO*lfc3R-r 

(i) are-s-ASft*. 

[0 0 5 6] 

[ft 1] 



NF= 1 



0 log |n 



F amp (l) ■+ 



NF amp (2) 
Gamp ( 1 ) 



N F amp (2) 



Gamp (1) -Gamp (2) 



N F amp (n) 



k = l 



NFamp (n) =L (n) +NFEDF (n) 
Gamp (2) = { E D F (n) V)W&) ~ L (n> 



NF EDF = 



(1) 



, n , fl 0 (p * 3E/,0) /l o o ol rjDl 

DF=101og{— G/lflt h CdB] 

I h v-A v 1 0 G/I °) j 



[0 0 5 7] fcfc*U EDF (n) «n©ecD3tiits4SE 

N F ebf^j « E D F oo ©$ft#Jgft, P^te&MWL 
ffi (ASE) ?t<D/V7— [dBm] . hitzf^ypfe 
ft. v teftWjgM&Jl&ft. A v teftX^ h)V7±7 

^"fDttmmfrtb&SL&mmm [Hz], g»4«^«i# 

[dB] 

[ o o 5 8 ] *ytmm&<Dm&. 3-=>©edfa75><=>«i 

fi££ft£©T (1) j£\Z&^X n = 3 tlsTMmmikt: 



7— t-LT-16. 6dBm/chSi;-9. 6dBm 
/ch^gSU -9. 6dBm/ch©i:fig©E 
DFA 1 l©fiJ#75t;MJ4 dBM'>T5iS^LT. #31 

f§£&ffl) ©#J|f}gSNFS:>'5 i l/->3 >Lfc 
&©:31 1 RtfS 4 te. ^OxSal/— >3>^MSL 

[0 0 5 9] 
[*1] 



(9) 
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[d Bb/c h] 


$i#*i»<Dii££<g& [d b] 

(1535. 82—1560. 61nn) 


[d B] 


1 g Q 


0.13 


7 . 2 6 


- 9 . 6 


1.7 


14. 23 


g g 


0 . 14 


13. 46 



[0 0 6 0] C©i5&ySaU->3 XDfgJgi; 9 , 
fitt (8E:M§g) C3MT1. 5 6 dB©&#a<ji&£ 

[0 0 6 1] ±i£©«fc -5 izm 1 OjfcJtMBOjftiMSlc 
©=fc?K 1 . 5 5 //m#li*tt*«a«fi«lO«l*#tt*t 

[0062] fc*. ±ejb i <ommmmx\t. mmytm 
n« (i) aa»sfe*>#*«fc 3 fcttfi^if 

tt##»*fflB£#©*W#ttfc;fc*£a*»£#*.* d £ 
Lfct>©T*&-5. U*>Ua«»6, ffiSbfttflfffi© 
AfijCttJI&LTl. 4 8<im#&imMMi; 
A*3tt/X"7— 3ft»Jt«S!fl9/hS&i:*lCT?t> 1 . 5 

*3. H©«k5fc«£fc:tt, A*#/t 7 - # Jt*»/h £ 
&iti:ontfe, MRoTO&mWHbS l l BoM 

v\Z-f2>. 12 5 (A) 2&tf (B) iCtt. WfctfATJSfcA* 
7-^-16. 6 dBm/c hCS-^C^fcttSf^Rtf 

[0 0 6 3] CCfcSftSIB&t MS^tf 
«»©ffl#IC*rt.T«*Wt**:3< CtlCft0> *J#- 
*tf«£i;<5 L^U 1. 48 u 

C ©;|HJ#-^{f!ffl ©ISM©I£#cfc 

-!i«-16. 6 d Bm/c hOifrOg&SiWIf 
.Jf-rat, J:EOJt«*i63tt^«*K:7. 67dBi 
^-SWIC^LT. ±B©*«££-3fc«£K:tt7. 2 9 
dBt&O, 0. 3 8 dB©&8&Jltat&54'l£. Lit 

[0 0 6 4] JfcJC, £2©£JftBtt©WDMjg3£JftiUB 

»tt. 1R 1 3HJ&f£ii©7£ii'II3§ (0 2) fc"3WT. 



cvsimmmmitm 1 ibs2 ^<D^ty * jv? 1 1 b ,, 
1 1 Bre#if&u '&m<Doi&mm%Ht&i 2B*2^ 

0)t7^;^12B„ 1 2 BT#tfi)cU;fcfc©T?&3. 

±b«*©» 2 ©«*&«. « i nmMmvffif& 
[0 0 6 5] iMEfijiwwts 1 i B**is-r*3t7-f;p 

*1 1B,«, S£3l5©^i:I^S(CH^Oift^g!t#tt 

DFA1 1 ©S^<h&3#J#fefi#t4 OKffHK) iZttfo 
■gitTmftrZtlZ. Z.<T>&otS.%74 J^Of/HXi 

*p>:7^;i^«?rt<iSLT^&. sifc, nr*fiKMMb» 

1 2 B*i«t5^7^^ 1 2 B,t>. JifH»3t7W 
MllB,tHI(:, EDFA12, 1 2 ' ©S*P£ 

[0066] *immm\M 1 1 B^^-r^Tt?^ 

^-©Jf £&ft#tt«. E D F A 1 1 ©fWJfcftWtttfM! 
■5. £©<fc5&:7te:7^;i^©5V'\'-l' X<h LIB, mz. 

safliUT^*. sfc. pisEfij#*{b« i 2 b &m&r' 

%ytZ>A)V5 1 2 Bjt>, ±I2©7t7-T;i^^ 1 1 Bjilnl 

[0067] 07it mfs.yt¥%b%:&mmviz9ey » 

^llBj, 1 2 Bj©i^0i|£St7"D7^0T*5. 

M7 coxy v )\>*\%. xm%tfiXtsm<r>u.>X. «ISf 
mRzfimmm&zifr LTasm? t ^-ime^ (cat?;* 

[0 0 6 8] ^©.t^^a^Tt^S^ftJfflbTc^^^ 

[0 0 6 9] Ufc^oT, «^&S#tt*^^©?t7^ 
HBj, 12 B,^*^^^^^©^^^^ 
^11B,, 1 2B l iz&®.?)-'£t>1±T&m-§~2>Z.iiX-\ 

m i *is^^t?^ffl bfc^rsg«#»fls* i i b , i 2 b 
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[0 0 7 0] a»a»*#ws©3fc««Hma. 

1 1 B„ 1 2B,©@S©»&i£g#tta<. #J*J;fA;fo 

7-3^Jt«W/hS ^it©EDF AOfttt&fttttt 

^kSdffllsIgSl 3«. 1 B 2 , 12B,© 

1 1 b„ 12 B^-tn-enma-r*. 
mm^nrcm^\z\t, ftm*HtMM@» i 3 a. 3t7-r 

1 1 B,C0«**«*tt*JEDFAl 1 Qftlftft* 

frr«fl***7^;^i i Bjtcai^-r^tifetc. 

3te7-r;i/* 1 2 B,0«jfe«*»tt}8«3tt7-f 1 1 B 2 

^12Bjl:|i)W5. CltHC«fc0^1<7)SlifiJgSi©« 
ra*©^ffl«ft**«# 6ft« J: 3 Kite*. 

[0071] £©«fc5ic^2©^i6i&ag»c«fcntf. ed 
?*> *r**jiMffl;»£ i ^©^m xx-mm-rz z. t 

2 aswft?^ f?fM©j£g 

[0 0 7 2] Jfcfc. jg3 0ftffiXttB0WDMA3%JiW8g 
iCOt/iTiftBJ-r-S. B9I1. m3HSS^Ii©WDMffl^ 

0J*.tf?il 1 3IS6^li©7fcJf 4i§§ (0 2) fc^Vvr, *E 
DFA11, 12, 1 2 ' T§g£TSg*&fttiJtt (AS 

CfiH-5<l^3t^9-i-!-©(l^»fiC*ft5A S E 

[0 0 7 3] ftflsMlctt. B9C*l>T. dJ^Tt^lKSB 
i:lt©^^7 1 6Ai, mttl^v 1 6A©#I&7£ 
<&$^(C2»lK-r*^*^5 1 6 Bt, ^1R^2A 
SE^tHffiiLT©*?.*;^ 1 6 Cfttf 1 6Di. 

6c, i 6D*aiai/&3t*«ftfli^ic 

^&T-i>§3fc§§l 6 E, 1 6 Ft, 6 E, 1 

6 F^SOflfSaiKASE^^-S^SjMiat 
LTWASEft^Er^lelggl 6<h, jWtiOS.ftS. ±12 

[0 0 7 4] yttlZf? 1 6 Att. EDFA1 
2' hifhzf? 1 4D©ra»Cjf A£*l. EDFA12* 
©tB^TtO-gB^^KbTTt^y^ 1 6BfCiH-5. ft 7 
-<Ml6Cil ft#:7*7 1 6 BT$e>lr2»K$nfc 

ft&5 ft ifi^t" -5 2fci£S?!?© A S E % £«3 ffif * t> ©T 



*£. jlty*** 1 6Dlt 3t^y5 16B-C2 

-T-5t>©T&-5„ 
[0 0 7 5] BlOlt &)|7^W16C, 16DT 

am$nsASE7e©SE^sr*bfc0-c&«). @ioi: 
§t«t5ic. d^T-«. t^7-<;1/^ l 6 c©^il^«© 

U 1 6DO»lW«Otp't''«fiA I ,«»ffl 

A s , A|.A»6fll*ft*A w> , A^S-TOiKStBa. «■ 

3t7w;u^©Sjam«rtt«^*^sna^igffl 
>trmimmv*Q. -€-©sia»«<s«o. mmu 

©t>©**SIS*nT^S. Cl©«fc5^:7t7-c;P^S:ffiffl 
t5«&l:H, f'C?**A s . Ai^6«^**A n ».' 

AkaxSt©*!^ i nmadeicRft-rntfj:^. 

[0 0 7 6] AS Eft^n^lMlSS 1 6 fct. 3t7^M'l 
6 CTiAmtStl^jftS 1 6 E-C3t«*»*tlfcfll^** 

i 6DTjatB$n^^i 6 FT-ft«^»sn 

fc«^**K:**S*ifi«f©ASE^'7-**«6. & 

a s e ye/* 7 - ©<iig \z& c x m # ft \z & n z> ^ + 

31*. iut, ASEft/^7 — ©fiSSfi^ftOtBZMB 
Htf S^«td^T^-5©tt. «^ft£:ASEft©itiW& 
£2* L T— ST & -5 d i \Z «k -5 . 

[0 0 7 7] ^<b\Z. fUflWfcffifliaB 1 3TH AS. 
[0 0 7 8] ^©«fc^35:«figCJ;0. A3©£ftJBffi<z> 

%&?\zi,fcz.tx', mnx<D&*>m^xm&<Dmm\z 
mmu<mtiyt<D^^^)ur^mijmm^mmx'^. z\n 

[0 0 7 9] ttfi. ±IB^3©lliS^fii-C«> 
rt*ffl*flBK:e«-r*ASE*S3tt*^7l 6A-CU0 

Lfcjjt. *%^«^nt-^e-r, a*««© 

ffijS©7j|SHce»-r-2>ASE3t* ; E^^TS«t3CbT 

[0 0 8 0] &3t7^M16C, 16D©t>-L> 

S1A S , A^jf^tSA,,,,, A^W^.TjfflUlC-etl-? 

A MA x©^^<B9 (:::c ' 3 'i>aSAs, A L *gg3£UTt)«lt>«: 



(11) 
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fid^Tt^^^i? i 6c, i 6DoSja^W(c-&sn 

coo8i] m4(D^mmm<DWDumMmm^ 
iz^xmm?*. mi ia. su&NBgiB©%JtMsig 

y*BT?**. Atfft 
[0 0 8 2] ill fC43t>T. #5fcig*I§§«. IB 3 

mm^m^m (B9) c-p^t, x**»««tbT 

nytij-f? 1 7 At, ffitt)-?? 1 7 A0>#l&^£££ 
{C2^lR-r-5^^y7 1 7 Bt. SH3&tfgl4ASE3fc 
ttffigBtLT©^^;^ 1 7 C&tfl 7Di, ^7 
^M1'7C, 1 7 D £ ffi® bfc3fc«*««*fcSE«r 

(PD) 17E, 1 7 Ft. #S3fc§§ 1 7 E, 
1 7FA^OffSICASE*A7-4**5ASE 
3£^-^le]S& (ASE MON) 17t, atftftl^n 

[0 0 8 3] %tS^y 1 7 Att, flJAfcf. Jits? 7 1 3 
AtEDFAl lOWlCjfA^n, *3fci«««©A## 
©— «£fl-ttbT#;&:/5 1 7 BK«*. 

17C, 17DtLTIt ±11/^7^^160, 

[0 0 8 4] ASE^X^IhIJSI 7\t. fty-OUfl 
7 CTJftffl£*l§3fc3§l 7 E^H^^^tlfclt^^S 
K*fi*iBfiB©ASE3fc/X7-S#«><5££t>fc:. 
7-fMl7 DT«tti£n§7£Ss 1 7 F-C3t«3C«$n 
fc«^SaSK:*kft«*ifi»OASE3t/.^'7-**«). 
tt*n©/*7-tt£ffl#«fffl;lffl»lHl»l 3(c2i3o 

[0 0 8 5] A»*^«*£03t*i6ISTtt. .a^JtC-^S 
n-5AS E3t©SM«fiia#?BL^Sfi«tfiiS^<D=&7t/^ 
•7— tfASEftt^HBl 6TlftttiSft, fiJfMFfcM 

Dili 3tcaena. £>fc, ctitBBi:. Aa^ic 
tsnaAs E^©g^jggi£^Rytsfi&Sjfi^©^ 

3tA7-fcAS Eft^^BKl 7t^ffiSn, *Ut#3? 

itfflmm&i 3\zmt>nz>. $j#«fcin«9[§iig 1 3t 

tt, «fi*ftifi«R^«ft«ftiS»0#ASE3t/X'7- 
»CO^T. A^fll (ASE^^HlgSl 7C0&ttHiI) 
^Stii^fia (ASE^tzi^lUKl 7 co&fflffi) $11, 

5. fcS^A,, AS Eft/I? 

©gc^fs^&swsM&fcH^fc < mm\zmm? z> c t 



[0 0 8 6] Jgl©S#JSfijc£^LfcJil2©S 
#«lJ*l;:t?^-Ct»iP§-r*. il2H WDMJ87fc*i4i!§ 
WM2 11 2 tci> 

^t> *%m'mmt. sii©«**ij£©«££n^i©3fc 

»5te*«»tt**-r**»0|iJ#»<k«5t. A^ft^ 

^^§B2 TSi^^tifcA^Tt/t^-trisuT. m&om 
*«» i s^a * h o u t m» fc«*ws 

M»^«iLT©ffl#»<fcMRff6£. t*l/TH«. 
[0 0 8 7] ttft<D?aa«fl:8 5 tt. 3fcif!<!gf$ 1 ©«# 

©&fift#tt£»mwjii&swcgfcSB£©»&ifcfi 
tt, A*^^ — Kugi;T*fl:-r-53t*B«*io«l#ift 

[0 0 8 8] fiJ1MF<mKff6». A*3fe ; &-^S52* 

^©Aaifc/^-ttssKftiiMia i ©»#«»« mm 

»tt*»o*iJ»«{b8 5 «4KjROKI1HNb« 5 co -5 
<=> 1 ^Mt, *-©«HMMbS 5 *3tli^gB 1 ©W#«! 

fc«3©»»Mfc«tt, 7tii*secicoA^{i'JT-ag.oT ; t« 

[0 0 8 9] 2 0***l«0*«MBin?tt, « 
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